controversial. In numerous studies investigators have demonstrated that, during lumbar surgeries performed after administration of a local anesthesia, pressure to the anulus fibrosis results in low-back pain. Falconer, et al., 5 noted that the application of pressure to lumbar discs generated low-back pain during such operations. Kuslich, et al., 14 were able to generate back pain similar to the preoperative pain in 70% of the patients in a consecutive series of 193 cases when stimulation was applied to the anulus fibrosis or the posterior longitudinal ligament. 14 This pain response was blocked with the application of a local anesthetic.
The existence of discogenic back pain is perhaps the subject of the most controversy relating to the anatomical arguments for its presence. Opponents of the discogenic pain hypothesis have argued that because there are no pain receptors within the intervertebral discs, discogenic pain cannot occur. The presence of the sinuvertebral nerve to the spinal canal was described in the 19th century. 6 More recent staining techniques, however, have allowed precise anatomical description of this neurological structure. Groen, et al., 11 identified the sinuvertebral nerve as a derivative of the rami communicantes arising as a postganglionic structure branching into segments ending in the posterior longitudinal ligament and the outer lamina of the anulus fibrosis. Arguments for the existence of discogenic low-back pain are therefore supported by both empirical clinical data and neuroanatomical research.
Natural History
Although lumbar disc disease may well be a cause of low-back pain, it is important to note that disc degeneration can occur in the absence of back pain or any other symptoms. Paajanen, et al., 20 found that in 35% of healthy male volunteers significant disc degeneration was demonstrated on MR imaging. In a series of 600 autopsy specimens, Miller, et al., 17 showed that 90% of all lumbar discs had evidence of degeneration in individuals by the age of 50 years. The presence of disc degeneration and the presence or absence of low-back pain may be considered analogous to the occurrence of gallstones and abdominal pain. Although most individuals with gallstones are asymptomatic, if a patient has gallstones and the appropriate symptoms, those symptoms may be attributed to the gallstones.
Although low-back pain results in significant disability, 95% of these patients return to their previous employment within 3 months of symptom onset. 6 Failure to return to work within 3 months may be considered a poor prognostic sign. In patients who experience total disability after 1 year, the likelihood of returning to work is less than 20%. After 2 years of disability, the probability of returning to work is less than 2%. 1 Numerous imaging studies have demonstrated that with nonsurgical treatment lumbar disc herniations will subside over time in the majority of cases. 2, 13, 23 In a series of 32 patients studied with serial MR imaging, Matsubara, et al., 15 found regression of disc herniations in 62%. They also demonstrated that the more degeneration seen initially in the discs, and the larger the initial herniation, the more the size of the herniated disc fragment was observed to decrease.
Although degenerative disc disease is common in asymptomatic populations, large compressive lesions are uncommon. Patients with large compressive lesions are also generally believed to be more ideally suited to surgical intervention. These same patients, however, are those most likely to experience spontaneous regression of their lesions and they have a high rate of clinical improvement with noninvasive treatments. 23 Clinical improvement following a symptomatic lumbar disc herniation does not necessarily correlate with the radiographically documented resolution of the herniation. Fraser, et al., 7 performed a study in which they examined the MR imaging findings in patients who had undergone treatment for lumbar disc herniation 10 years earlier. Approximately one third of these patients had undergone a saline injection as a control treatment for the study of chymopapain as a treatment for lumbar disc herniation. Overall, a persistent herniated disc was found in 37%, and the incidence of persistent herniation was similar in patients treated with chymopapain, surgery, or saline injection. Interestingly, the presence or absence of persistent disc herniation had no significant bearing on outcome. Analysis of their findings indicated that long-term improvement of symptoms after treatment of a disc herniation may occur with or without resolution of the herniated disc.
The term "disc herniation" in this article refers to a process in which there has been rupture of the anulus fibers and subsequent displacement of the central mass of the disc in the intervertebral space, common to the posterior or posterlateral aspect of the disc. Posterior protrusion may be visualized as a bulging disc or, if the outer fibers of the anulus are penetrated, as an extruded disc. The phenomenon, when it occurs in conjunction with clinical symptoms, most commonly occurs in individuals between the ages of 30 and 50 years. 26 Although it is seen in both younger and older individuals, acute disc herniation is far less commonly observed in these populations. There is no definitive information regarding the incidence or prevalence of disc herniations in a sizable population that would define the norm. Risk factors for disc herniation include driving of motor vehicles, sedentary occupation, vibration, smoking, previous full-term pregnancy, physical inactivity, increased body mass, and a tall stature. 19, 26 With regard to occupations that require strength, it has been shown that an increasing degree of disparity between the strength required and the strength of the individual results in higher rates of symptomatic low-back injury. 4, 12 Preventative efforts in lumbar disc disease, other than by modification of the aforementioned risk factors, have not been successful. Intuitively, one might assume that physical fitness would be preventative with regard to disc rupture. Although the literature on this topic is not entirely uniform in opinion, the strongest evidence probably suggests that physical fitness does little to protect or provoke attacks of sciatica. Physical fitness, however, likely is advantageous as a factor affecting rehabilitation after disc surgery. 25 It is well supported by clinical evidence that sciatica can be managed by lumbar surgery. 10, 16 The early recovery rate and the rate of return to work are improved following surgical intervention. Postoperatively, recovery of the efferent conduction system is considerably better than that seen in the afferent portion.
The mechanism for radiculopathy-related pain production has been a subject of considerable debate. Compression of the nerve has been shown to create edema formation and eventually lead to intraneural inflammation and hypersensitivity. 21 This then results in increased mechanosensitivity of the nerve root with regard to compression and the induction of pain. It is now generally accepted that a combination of mechanical and abnormal biochemical events is involved in the generation of radicular pain. 22 It has been shown that most patients hospitalized for sciatica will have suffered their first episode of acute lowback pain while in their third decade of life. 25 The initial episode is usually provoked by an acute traumatic event. An approximate mean of 10 years will pass before the onset of the first radicular symptoms. Weber 25 attributed this long interval between onset of low-back pain and the onset of radicular pain to intradiscal degeneration and regeneration forces. Weber and colleagues 27 were also able to demonstrate improvement over the course of 4 weeks in 70% of their 208 nonhospitalized patients with sciatica in whom nonsurgical intervention was performed. Sixty percent of those patients returned to work by the 4-week interval.
Saal, et al., 23 reported on a series of 64 patients with verified herniated lumbar discs who received nonsurgical treatment during a 1-year period. Treatments included epidural steroid injection as well as oral steroid therapy, transcutaneous electrical nerve stimulation, acupuncture, exercises, and physical therapy modalities, in addition to nonsteroidal antiinflammatory drugs. In that 1-year trial, satisfactory recovery was demonstrated in 90% of the patients.
Bush, et al., 3 reported on 165 consecutive patients (mean age 41 years) who suffered sciatica due to lumbosacral nerve root compression. The patients were treated primarily with epidural steroid injections and local anesthetics. All but 23 of these patients (14%) experienced satisfactory clinical recovery at 1 year. Those 23 patients in whom no improvement occurred underwent decompressive surgery. Although the use of epidural steroid injections to treat acute radiculopathy and/or acute low-back pain is somewhat controversial, there is evidence to suggest that a favorable effect is more likely when its used to treat patients with acute onset of symptoms.
In the aforementioned studies, the authors obtained excellent results with nonsurgical interventions. In fact, those results are so good that one would be hard pressed to suggest that surgery could improve upon such impressive rates of satisfactory outcome. In controlled trials in which patients were randomized to surgical and nonsurgical treatment groups, however, surgery has been shown to be advantageous. [25] [26] [27] It has long been accepted that there are definite indications for surgical intervention. These include the cauda equina syndrome, progressive loss of motor strength, and severe intractable pain. The empirically observed rates of halting disease progression in cases in which these indications exist is so good that, given such symptoms, randomized clinical trials would be unethical. Such patients, however, represent a minority of the lumbar disc herniation population and study of the far larger group who are less symptomatic is therefore warranted. Weber 25 reported on herniated lumbar discs in 208 patients among whom 126 were incapacitated by sciatica but in whom indications for surgery were believed to be uncertain. This subgroup was therefore randomized to surgical and nonsurgical treatment for purposes of comparison. The patients were then followed for a 10-year period postoperatively. 25 In this controlled prospective randomized trial Weber found a statistically significant improvement at 1 year in cases in which surgery was performed. Ninety percent of those patients who had undergone surgery reported a good outcome compared with 60% in the control group. Seventeen patients in the control group had also undergone surgery for persistent or worsening pain. After 4 years, the surgery-treated patients continued to experience better results than those in the control group. At the 4-year interval, the differences were not statistically significant. At 10 years posttreatment, results in the groups were essentially identical. Motor deficits in both groups resolved nearly completely. More than one third of the patients suffered persistent sensory deficits at the conclusion of the study. A key finding was also that in patients in whom symptoms persisted for more than 3 months preoperatively, a far worse prognosis was demonstrated.
CONCLUSIONS
A few tenets of surgical treatment of lumbar disc disease are well supported by multiple studies. It has been shown that for the best results, surgery should be performed preferably within the first 3 months of the onset of sciatica. The value of repeated surgery for persistent radiculopathy after an initial operation is usually questionable. Nachemson 18 reported that only 25% of patients undergoing revision surgery experienced any improvement within a 3-year follow-up period. Nachemson recommended repeated surgery only if a new disc herniation was demonstrated. In patients suffering low-back pain and/or sciatica for more than 6 months, the likelihood of successful rehabilitation is only approximately 40%.
An evidence-based review of the existing data on the surgical treatment of lumbar disc disease supports the use of discectomy in carefully selected patients with sciatica due to lumbar disc herniation. 9, 10 Discectomy has been shown to provide faster relief from the acute attack, although the effect of surgery, positive or negative, on the lifetime natural history of disc disease remains unclear. There is evidence of moderate scientific quality that the clinical outcomes of microdiscectomy are comparable with those of standard discectomy. 9, 10, 16 There is moderate evidence that automated percutaneous discectomy produces poorer clinical results than standard discectomy or chemonucleolysis. 9, 10 There is suitable evidence to underscore that discectomy (or microdiscectomy) affects the disease outcome in a manner that exceeds the expected outcomes associated with the natural history alone. 9, 10 
